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(54) CRYSTAL GROWING METHOD FOR SINGLE-CRYSTAL GaN, AND SINGLE-CRYSTAL 
GaN SUBSTRATE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing GaN single-crystal with low dislocation 
which is 106 cm-2 or less. 

SOLUTION: In the crystal growing method of single- 
crystal gallium nitride, the growth surface of gaseous 
phase growth is provided with not a plane state but a 
three-dimensional facet structure, and crystal growth is 
realized while the facet structure is not embedded but 
maintained as it is so that dislocation can be reduced. 
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HKtftttofc**, 77ty H»Jttra«>a*/j:^-C* 

3 ] fttt#ft<0/*S«B#¥BtttB-C4 < , 

HKSftfcofcSS, 77tyh*a«rIftii*4v^iJ 
ft£*. *»osp*S»ft*ftB*c#Lrtt«ff«ii:iciitt 

=*7ctt47r-fe!x h*»«r»o«t 9CU 7rtyh 

^£*. ^o, ¥^W/«cricSffi(c»LT(5^SB:icj»« 

t ZW®k-fZ>W&&G a N<D& B B 0 J&J^j£ o 
[11**1 5 ] SMEfSftO/SftSB^BftteT-ft < , 

ft£*. H&Tcfftft^** hd»6ft6 t°s/ htBfcfc^ 

6^ H s bG a N0>|£fijfcft*ifc. 
[«*3S6 ] &tlfSS*>j«S3tBa s ¥B«ffiT*ft< . 
= *7ctt477*y h*itft»oJ:5*;:U 7 7 tyh 
tfli£ft#of;:££, 7 7"tyHHi«rIfta*ft^ , e* 

fiGa No8!M*6, 

[Iff**! 7) JMirt*»J*»*B#¥B«*-Cfc< , 

tiit^^o^^^, 7 7tyh*a*i«)aii^ta 

«»* + aiM£fiG a NoeSrtft*ffi 0 

ft**a«fi*ftfeic*5v^T. *3#fiic;fc 

t^r. 77t y hM^lI^^o: ^icj; 0, S£f£ft 
fi«i-*-£ft»»*1**Si«SfiG a N(0Sfifi6ft*- 
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[»*S 9 ] ¥*&ttftl*ft*lfl]*S c W*|6]T*fcS*S: 
*«4r+*«*«l % »*JI3, »*«4, 11*315, 
»** 6 , »*aS 7 £ fcttfll** 8 Wi'tlMZtiMto 
¥£AG a N<0lSftrtft*tfc. 

1 0] ¥JW*rtftffilC»LTI*l**»w# 

tz&mvKoxmK {11-20} m\zhz>zki¥f 

[B*3Sl 1] ¥#ttfcJ*ftBlw»LT«H:Sitfc* 
(Z>*^fiG a N<0jgfiricft#fe o 

[»*js 1 2 ] *»tfftotf»*Bas¥Btt«-ofc 

yhiKtofc**, 77tyHMMfta*4v» 
-ertftS-frSwi-efiffitrfiWL, *eofg, ««W4*n 
XKJ^spBttft^*, Se>fc**>*Bftffi»i-3-i: 
(c J: 19 ft » B ft » 5 ^ £ ft t "T 6 « g£ G a N 

h&Zk&ftWLk-tZimmi 2^|5^^¥^ B B B G a N 
5] fttt^ft + fei^fiKSS^Btcfctt 

fcB«^)-twteBaic»-rsit*3&si o%ai-c*)5: 

ft#® f SSI** 1 2 (CflE«E<0^£G a NS«0> 

30 mmxfc* 

l 6 ] *tt*ft**5J:t/dtft«»*B«-*5»t 
6Hft7cWft7r-fey hB*»e>4S*fttry hfccfclM: 
©**W*»b45*BDflCi»<o¥B*»fe*fcBao*0 
¥B*»&*fcJ*B8ll£i*1-£ifc*a s 4 0%^-hT*£>3d 

tft^a^-rsa^i 2^is«c^^^ b g a ns^ 

[»*JSi 7] «ffifi6ft+*5J:t5filcft«^B(cioJt 
SZ&7cWft:7 7*s' hB*»b4Sjafttry h*5j:t«: 
w*^**»e>46*BBfli!b«BWTB*»e)*fcB8lO % * 
40 WspBA»?>*fc*B8ll-#-f Stt#*S8 0%tt±"Cfc 

Et«)«»iG a NS«O«ig*fe 0 
[ft*« 1 8 ] «tt*ftt&^ftaoaBlc*5lt 6 

H-fr*O+'<T#S:tMcBttL'CJ3 0, ¥^^)ftfi5cft^ 
ffiHdSK4¥B»ft»fcfti^ <b ft»»^: 1 
2 CE@(0^ B s a G a NSffiO^if^i£ 0 
IW*«1 9] ftfttfft&ttStBlcfcltSjfiftfcTy h 
21^^*^7 7*9 FB^bmfcftBft^tfw 
50 ^ft»»t1-5W*«l 2^?>I8**1 8^^-ftl^iC 
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[9*5 2 0] ft«*««0*a5lCj3lt5fiRfitry b 
IISiGa N 

[it 2 1 ] %m&§:<nj&&mmfr¥mwnx*te 

0 , tWJ»**tt**«0«aEAS 1 0 5 c m ' 2 KT"0 

scan**!*. 

im*m 2 2 ] i*ft&&<nf&mmm>¥-mwMx*te 

»*« 1 2 £Gft(0)|UMiG a N 
[H*52 3] GaNO«ttdES«r, t7r^T, S 

1 C, Si, X fcT*/K N d G a O 3 , ZnO, Mg 
O, Si0 2 . G a A s , GaP, G a N, AlNWt> 
■ftifrfr & 4 6 ^ B B B^ffi±^^S £ * 6 C £ Sr»a t 
•r^IS^JSl 2lCfE^(7)^ B e B G a NSfi<0Kig*iSfe o 

[»*3i2 4] G a NCOM*9/£^£, t77^7, S 
i C, Si, X fc"*/K N d G a O 3 . ZnO, Mg 
O, Si0 2 . G a A s , GaP, GaN, A 1 NOt> 

4r*»t-r6!l**l 2(Cte^(Om^B B B Ga N^«(D^ 
[»*«2 5] G a Ntf>SS*ljSft£, ScffilcBBPasS: 

w l fc * £ k * fc 1 4 ^ & B B B a ^ 4 5 * * m £ *T t fc , 

S iC, Si, * t°*/K N d G a O 3 * 
ZnO, MgO, S i02, G a A s , GaP, Ga 
N, A 1 N(Di^-fix^P>>i5*fea»fi±«-*S*-ii: 
5Ct*»»it-5»*«l 2{Cf5it<^^B H BGa NS 

[»*S2 6 ] G a N(7)tlti/£fi£, H®lCF*f!Pgff£ 
# t £ fc(4£l$ili f,/^v^^i^tLf:, 

f77-fr, S i C, Si, *fcT*/K NdGa0 3 , 
ZnO, MgO, S i O 2 . G a A s , GaP, Ga 
N, A 1 N(75^Tn^^^4^*^B B sS«±IC^S£ 

[»*«2 7] G a N<7)^*B$g£, if7r^7, S 
i C, S i, ^ N d G a O 3 * ZnO, Mg 
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O, S i O 2 , G a A s , GaP, GaN, AINW^ 

T^^e4^^ B B B ^«±^fiSc^£-li:fc^. :iibT 

[«#Jg2 8l G a N<7)Mffij&;S£, SffiKBBPfflJS: 
*T L # H B 0 ff * fc 1 4 ^ h b b t) > b ft 5 * ? B £ W L fc , 
^rVy^T, SiC, Si, *fcT*/U % NdGa0 3 , 
ZnO, MgO, S i O 2 > G a A s , GaP, Ga 
N, A 1 N(D^1Ttlt}^>b^^^&m&±:^&^ J t 
JO fc«L r*tfeT»S4E*:»*Lfcr tSr«F»^:-rs»* 
312 7{^fBicC0^ B H B G a NSffi£>8«fi#8co 

[»*S2 9] G a A s (111) 

SffiSrSFS-fS:: £ ^1#ai-r6^ B B B G a Ng«<7>§* 

[M#1 3 0 ] MA'S 2 4 , «#Jg 2 6 , fjfjRlI 2 
7, If*ll2 8^#<b*lfci|M£5iG a Ng«£«*6Si: 

<, Hft7cttft7rty htf?it£J#o4 3 id U 7 7 t 
B B B G a N^ffi(7)^it^fe 0 

[IMcJl3 1 ] Z^TcWft^rir y hi^tLtfy 

^t^5t:6^t 6 7 hfi^ 10/imHlOOO/i 

6, ^fci4|g3RJ!7CO^-ftL^^|S«<7)*SBlG a N(7) 

[«#Jg 3 2 ] «tB*«^fi*ffi^¥®tt«T*<C 
<, E^^7 7t-7 hffi^j#oJ;9(cL, ^rir 

(C 4 <9 ¥t&fta®^#6 C <h t t5¥fe B aG a N 

t«r»»^1-5BI*«3 2lCK«<D*t£fiG a Nlfc 
[!t*JS 3 4 ] »«Sfi + *54^«SW«ffi|Ci3(t 

5^ oii^»^b46SffiQai0iaospffi^ba/i:ffi«o-t<o 
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3 2<cGtt0)|itt£G a NIK, 
«)¥I^6ftfc8i8ll:St6«:W J 8 0%£l±Xh 

i:?r^ilS:i: 1-519^3 2 i^EttO^ 0 B B G a Nl 

^^1#m^1-5l»*il3 2, »*«3 3, lt*3!3 4, 
||*JI3 5, 11*113 6 0V^"fiX*^IEiEO*J6*G a 

w ** 3 5 Idffitto 

l& B B GaNlfc 

[B#* 3 9 ] «tortjtaAJt*B*S3KB:Rtt?& 

«9 , *0««*«S**tt«)**3»s 1 0 5 c m _ 2 JEJIT-C J0 
*>5;:*:&«F«i:1-S»#Jg3 2(C|S^O^ B B aG a N 

[ffll#*4 0 ] iEl«rt*<0*fi«B5^¥ffittli-e4 

y USStfl 0 6 c m~ 2 J^TT'fc6C:<t£1#ift<!:-f>5 
|g*«3 2ICfe®(7)m^B B BG a Ng& 0 
[IB*JI4 1 ] Eft^^7 7t>y hS^^Lfcfc: 0 ^ 

mT-fcSr fcSr»a£-t-6i»#iS3 2^f>M*«4 0(7) 

V^-f ilA^C!Ett(7)*^fiG a NSg 0 
[«*«4 2l Ga N(0«ffifi£«Sr, *7 7-f7\ S 
iC, Si, * f-t>/K N d G a O 3 , Z n O, Mg 

O, S1O2, Ga As, G a P, G a N, A I N(OV> 

IgSGaNgfi. 
[IS*^43J G a N^ftffijSftSr* SEffiMBBnttS: 50 
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S i C, Si, N d G a O 3, 

Z n O, M g O, Si02x Ga As, GaP, Ga 

[0 0 0 1 ] 

K (LED) , U — If (LD) 

4 ^ «>« * ^<-r * 4 ^ ffl ^ t> jx 5 g a n &&&m 

[0 0 0 2] 

3-5R2fk»**W# (GaN, Ga 
I nN) &ffi^fc*5fcT/<>f #feLED4if-egE 

t7r>f7dSffli^n-C*t, if^r^r (A l 
2O3) fi (0001) 1^6 0^^*), ^<£>± 

CGaN^0 B 0(7)iS^Mt6 o if7T-rT±(7)G a 
N$tgg, Ga I nN»l»l±tfc{4j&M£fcT#V\, Ztl 

«ft;¥»fc t>*awtc t>B*-e* 0 t$)6 0 

bGa I nN^ffeLED^SffitLT, f-^T-TT^ 
[0 0 0 3] bZhfrVyT4Tmm^\*&<F>&0t£?% 

Rig y >o:#«-f * <b #ii«w*»*o<t 9 mum 

— ^fc-TSW-S'tt* b[z\&miz& vXRttm £VPf£irZ> 
[0 0 0 4] ztit$^gr**fflJB4:?l#fiw1-o ^ 

B^fcSo K^»ffiw»tt^)/c«)lc2lH]7>r^#> 

5o 
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[0 0 0 5] mf>*7r-f T«ffi^BaJH*»ft-rsfc 

ft*-s i cmfazmi ^kt>mmztitzz.kt>hz>o s 

h&-fVhZ> 0 its i CrtWtt^fcOTftWffiSrS 

fciE-eartf, lt^-ls i ctt^y t4t x ^fo^i 
flrcfci9. AWil<«C^fc^o SbfcS i 

£<> Mi^WT'S i Clg(7)G a I n Nl.ffeLE 

[0 00 6] fefittttFnWiKo^Tiifc^So t77>f7 
S i CS«±CG a N^ii^^^li:^) ^ G 

^5Riii-e*)5o mi-, aaErfrjR*nT^5^7r^r 

(GaN, GalnNftfl (Cli 1 0 9 c m~ 2 ^ CO^ 

[0007] s ict«[o««(»de<. ^t°**v 

[0 0 0 8] Si, GaAsi^S#tO»^roJ: 

t\, 7*/<>r ^flsRrofcfcfcli, S i ti«Hsffi*SS^, G 
a A s {i^fefe^ B B B^^F^T^5 0 
[0 0 0 9] *S»fc¥lc:G a N&nmcoWt&^oiX 5 
ftilSKWfcot t> L E D £ LTttiEff (-affi-t- 

[0 0 10] LEDi LT(l-?:tlT'^^cOT'^5^s L 

4*5#«a>jftt?BJB* s *S. *r*Uil 0 9 c m~ 2 
fc^^tefi^G a I n N^<OLD(7)#fft£ftJPSLT 

[001 1 ] Ztlb<D&&mM-tZ> t . G a N***x 

^<Jr*%^#ii%^6 0 G a N^B B a^£^IC^x{^ 
*£»S*^y^<&lfflHttfc<ft5o £fcGa NliKBfl 

i^-1fa>»*w*S»$ 7-B£ L-C«fflr*#Sc 
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hZ> 0 ifo LTG a N^SeSdSftfcttft^ofc^tV^ 

-eRig-t £ r <t #-e* i^ofc^ bt'fc6„ 

[0 0 12] @M^»iltt)G a N<0»SKfctt* 
^fSiltL^^o Ga NjR«£V>5fc<0#-C£ft^ 

v\ jSKEfb-cffitt (MR) tHft^sPIHftlBiftsfrfti- 

Stti" t»toiX-CV^63ftSail5£EiSllt?G a N¥*Na£R 

[0 0 13] *»W*ttttflf±«)BIjlK:ov^x*WL, 
»##^^^*riiLTG a N SrftftAft £-£5 ^ £ J: 

£0 [0014] 9-298300^- 
¥fm¥ 1 0- 9 0 0 8-^ 

[0 0 15] iaot^|fW7f7/^ffe?:ii 

Ltt^o rttliG a A sSSH:^ VyJzfljt^ K 

£M*8/&S£-£G a A s SK^i^LTG a N<Dfef B £ 
&S:fr8:-e*>£o -*tttlft«)GaN*tR4:^a#«-C 

[0016] 1 0- 1 0 2 5 4 6^- 

[0 0 17] \a**<D£ 94Ga NlS$:iMl:fto 
^ *e)(C7X7/UJ*SLtj¥V^GaN>r V=fy hSrR 
iSU-f >=fy h£*7^* LT«#ttOG a NS«£fE 

Siaot, G a N^^ B H B S^(7)^||-<-^T'COSiit^ 
SJ^T^JflgfC^oto GaNli!tli^S^f>GaN 
«r*«^ttictf»HwfflH*S;jKt?#s 0 nlGaNS 

m&hZ>(DX\ ^ICLED^^ niGaNlS 

So l7>Tirfi-*r*artfo ^ X 0 L E D»£<h LT 

£ 0 L^l:OGaNSMv^f:Fpii7)^oTLDi 
[0018] 

b ic^s < -r 6 c £ *s»*o««-e*>6 w £ #9! b^i; 
5<? t4^f9#lc^S$rSl?i-tv^ ^i*s«e>*»{c4o 
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[0019] ^bvjyftmo)^*? 

£ (EPD) (11 X 1 0 7 c m~ 2 ^T{cn^b^^ 
^fftcQG a N^U-if^r^^^liG a NS£<DEPD 

ii i x i o 6 c m~ 2 ^m6it^< mttiZo 

3Lft§'Jif LT^£ u-^A-J; 9 t>£6ME PD^^I^Ttf JO 
[0 0 2 0) lxl0 6 cm" 2 l^T(?)i^GaN 

[0 0 2 1 ] 

[0 0 2 2] Xh7^7 , -7^^MLT, G a U<D 

7^7^*—'<—yv-*%?r<otzm&<nz_ tit, fflx. 
[0023] *^-ttr«ii«^»s:ttv o i . jsi 

-C-I K No. K p58-64 (1 9 9 8*1 

BJMJU rGaNa««*mrtftlcJ:««S[* 

Jg^fS^J i^ffl^S^ 68*S7^p 7 7 4 - 7 7 9 

(1999) iciaOc^nrv^e m 4~ui 7 ic^-o 

[0 0 2 4] Hi 4lif7 7^7SSW±CGa N£tt 
ItGaNW [1 1-20] ^fr[C&l>*£* h 7^/^-7 

2 2)®, (-1-122) ffi^ffiftWl-iSS-t-So *r 
^6©(Ett3ftSG a N»«|c5l#«#iX5 0 Miaot 

[0 0 2 5] R*S»4ofc0>*>, il 60j:9lCGaN 

i (1 1 - 2 2) , (- 1 - 1 2 2) T'&£o <IiX#$l 

[0 0 2 6 ] t v ^ ^ §^ e> W^tf I/p v ^ ^ 
^*IBT-|^#$^Lfcffi*l»#^#S. (ill 7IC7P: 50 
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■to ^cof&cffi (0 0 0 1) (Cfc^T, "^TcW^fifefi 
[0 0 2 7 ] d<D:!§£\ ^t>«*|6]tCtt^fflLT^^ 

(it ctt^fi^&tfTKKo c«i*lft^ig«i-5effi3fts 
[0 0 2 8] &xB<0«fet« T'll. ^ + "OSS 

ztk^btix^^ho ^comvt<Dxmtmm^m 

ft IWii4 0/imlSWil: 

b &f+ £ * ^ o f- 7 7^7 ;u ;/ n — * J; 

oTGaNOE P D£ — *{C 1 0 7 c m~ 2 (D^T—jf— 

[00 2 9] C^GaNW^f 7^* 

(0 0 0 1) ffii-fe^*>cffi-C<0-ft5cJ«*i:E»Ji-S 

[0030] ±izmviti&&i** mm* e » ™u 

£ Q |£SII»¥£0. 2mmH0. 6mmif*ft$«fr 
XZ£g$.<DGaNm£f&g:£'£tZo SBfi + WfiftfeS 
tt*»6TLtlft^ *Effi*ff3&U x l 0 7 cm -2 £T 

®z>zki*t£fritz 0 ztixit^mfri' -w tztbom 

[0 0 3 1 ] tefi^«e>4v^BJ-ov^r 
[0 0 3 2] Wi: , tek'X-niotiX^Z>mmf£& 
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t\ G a A s SrSffilCi-S»'&B#R<Ofc«)G a A s gffi 

5(3: 5 \z'£it t r L * b 1 1/ ^ Kjft^ fe o fc 0 * 7 

gt'ftl^, Ga As%m$LtL£o t-tZ>tJ&g:U& 
ZhibT\iZ>&m*foZ>o *^fliGaAsSSS: 
ffl V \ * V 7 4 T J: <9 fl^ftlcRJS L^-T^^ b G 
aNSIIWl:GaAsi»K'^o Zb^b 

[0 0 3 3] fc{iL(Df®m\z.MZo (Effi«*Srfc» 

[003 5] mttm*mm*&£.zi£. 

[0 0 3 6] *3g^«iSpta®S:|g^$-ti:SWT*(i&< 7 
[0 0 3 7 ] *«Wli7r-fety h®tceffiffiK«^*> 

r -try hffio«jmfitto3i'&®£&5 u 

wS««|5ffi355*«IL^#fiili:ft6o 77ty« 
ur*E(ac«r«^ * -its t . mOtlffiftiMO 

ibCK^^^irCl 0 4 cm" 2 ~5X10 3 cm 

[0 0 3 8] ::t'^577ty hs^v^^iic® 
■e4<rt«*|6liilS5 Lft^®T*&6 0 

itfj^I/ili^^G a Ni£ B B B £/&:g£^6 
X£tz 0 ^Jx^fjfifiteG a NS«Sr»iii-5*365^rSI 

[0 0 3 9] *&W<»G a N^g^^li. 9 
(l) 7 7 t^ h@$rM^-fr77t^ hi^M^it 
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(2) 77t<; vm\*mm7T*y bmkvmcmR* 

(3) «8<077ty M^t**)5#lMtt6 

Zk 0 

Itliaot 1 0 6 c m~ 2 UT<D&m\LG a Ngg^ 
[0 04 0] ^«9tC<V^»ffl-C*>S^bi*L<»Mi- 

[0 04 1 ] G a NttAs^fi* (hexagonal) "C*>5a» 

£li*L^ (a = b) ^ ix 6 c(*f4*»»ft* 
t'fcOaitSKft^ (c^a) o a(*t bttfc'ttT* 

-oco$4^®^-r5o cnSrfiicdtti:i-5o a, b £ 

a^tc«lS:r*/jr^o -o(OffiEil?r4o^i (k l 
mn) X*m$LLtzt-fZ>t, Ztlltm&fr hW0.X 1 ft 
@<£>®^a $A N bMu d$A. ctt^rW^^Ojg^^b^ 
ffi«#a/k, b/1. d/m. c/nT'fc5^M: 

30 T^b, k, U mllMt/^, tCk+l+m=0i 
|ft3o^oV^TttH*s»ftft5S*)6*s, t5t>^o (c 

[0 0 4 2] fi>*w®*tt(iA^iSa (•••) r-^mi- 
H^ttft t^b (Dtehzm*&ZZ<D&&&$t-t£:X(n 

ttfcmmz.&^xmmxz z£x<nw%&<Dm&z&M 
ttiiftjsa [•■•] xhbfr-to ***«ttt«ea<-> 

[0 0 4 3] c^^^](^^^-lt5^^9 Ztltejjfa 

\zmmte&Zh^£btemz&&£it2>k\<*b ztx-h 
50 5 8 77t7FIIlci (000 1) Skfttik^bzk 
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Xfo&frb, k, U m<D\,^-ftlfrtfOXtetftl&y 7 

[0 0 4 4] 11-212} , {1-211}, {n- 
2nnk} (n, kttfift) , { 1-1 0 1}, {1- 
102}, {n-nOk} ( n , k ttg$c) 

[0 0 4 5] 4ift?*>5. jfejfi^J:?^ {-} ttA^tfJ 
ffia>*^"Cfc£o Witt {1-212} ffitt, fiBUffiK 
tl)^ (1-212) , (2-1-12), (11-2 
2), (-12-12), (-2112), (-1-1 

2 2) (06i<n$a$:l5tSo ctf>6o£H!#lffi (7rt7 

li»^^o {1-212} (7)7rty 

So E*N- fc L t> {2-1-12}, [ 1 1 - 2 2 » * 
^i*BLt^Tt;ntt (1-212} t^<[^D^ 

[0 0 4 6] **WtC*3V^-C, teffiteK^J^S^^SK 

[0 0 4 7] ^ti(:J:otg fl B B rt^{S:^W77 

ASJItfo *htW»l:*l6^at4577ty hB 
£>»#ffi, 77ty h®tO#a^^(i^Pfe^li*PLX^ 

bfizkl±#1>*')\z<\,\ afel:2o(077ty h ® 

[0 0 4 8] -jfttcKfl[WittTi-S|fil#*i, ^b b b^S^ 
5 0 G a N*SiH<o»<g\ ^^»c« 
*[6jtO 2 »7cWricfi«: lTI/>^i#^eii c ^ faKil 

10 04 9) il 4 ~H 1 7 ll7T7^t-^-^D- 

%x.S/c^t>9-J^H , 9^5o Hi 4lig&Ji(C-7*^ 
«rt>9»tfctt«ST**>6. H5liSSWil:GaN^ 
ftStffcttJtSr^-f. ^**T*?Ifrftfc^»#lCG a N 
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70 [0050] **wtt«*arit*-eft<, m^<oy 7 j t 

[0 0 5 1] (1) 77tyMft*^18 0|KTro 

£1\ S45IffiS»77ty MBo4t«I^l 8 
0 « J: «9 /J> £ v >^ , ft IMft *S£i I- * o T v > 6 £ % 

[0 0 5 2] L^L77tyMW*I*|fi]A, B (1 
77t«yh®Fa, F b lC&T*:fcfcSl£j&® t-&f* L fc 

^X.b^x5 0 |2C77t7hlMI^iH^ 

ffiJt!T*|p|att«LV^S^«lCSI1||[-t"5. 7r*y 

vrir y hJift^ 1 8 0jS£JLT 4 6 

[0053] (2) yr-ty bmn&tfi s om&>±.<o 
40 m& 

1 8 o@[«t^^v^oi *)mRmm^t£->x^z> 
m$xhz> 0 m4\c-(n£ i^m^^-^-t. m»m*? 

^r^T-^So 7 7t^fflt'«)SS*SiA, Bttyy^ 
v bm\z&xtzfem&&ffi{z&&Ltzijfaxhz> 0 iafi 

50 L\,^Ztib\±fom\^J&tho 77t^Ml:fi 



15 

[0 0 5 4] S*flKftitb^*«l»mttikJBic±j?.-r 
»k-c*)S 0 ®«^PfeSPK ii/|^«AttJ|L fcft9 5 5* ® 

tt^B»KliI1007T-fe y h©F a , Fb<7)-^#® 

(c 4» *fcjR± (erg * o T » < 0 Bft> & 

L^«l:f:lot^< Clefts,, cti^fg^cDfe 

[0 0 5 5 ] ffi*g*<OS*S««^7T"fes/ 

hmz& ot£h<ox~hZ>it, H7I1J; ^IW^rt 
yhffi<o|i£ (try 10 «^t^6o SIW:7rty 

h^liiatSG a Nj£*£ LT^S<!:H 1 ^3<&<fc 9ft 

*fifcH:fte>fti\. H4-60J; 9ftDDSB (try h) tc 

^lwfl]fflL<t 9 t-T6o I7|i { 1 -2 1 2} ®<Dft"f 
i£A£HEGH I J N-Dia^t6 0 (D8llt c y h(D 

hh Q t°y hfi-eii/Sft#i6]A. B-tt*0>a6WtAft 

#L£5?t-*#ffl-efc5 9 h2s7LhHZ> 0 spfiftM-e 
^*fi*lfiUictt*|fij"C*>5. 7 7-feyhiSw4S*|fii 
A, B- -(Cf p x or|5<iz:IH^U ? TtT<o Fa-eofifiro 
ilfT^fia II At Wt'fo^o F b T^*sffiOiifT*-jSj 
bllB<t¥tT"C*>3o 6o<7>#§|® (7 7 t^i) H 

[0 0 5 6 ] tMm^xTil877t7 hffilcfcffi 

fi8fi*lfi)Bi:tefi[iitT*[fi]bli¥fT*C*>o/c e Rg7 7 
-fe y Hfficoric^fafl-ttD^r-fey hffi<BJSft*|6]£ 6 
0gJlft6 o h LtR877ty hffi:R<z>l£{4<tfta«c 
Ii^<7)^{5:ii6 off t>#|6]£ftif *&S#*>So -*U1 

[oo5 7] nma*¥®mz±[zftfr?j&&&&z o 
lefc e>1" try h3ft«/h*<4?>ftt^«L±*«)MP 

OkLX. 7 7 t7hit^MM^Vs i n0t^ 



(9) ^12 0 0 1 - 1 0 2 3 0 7 
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ht-fbk t°y h^^#^tt^F^"Ci:*^V<OiiSr*± 

«ktt*'>LTfif<. 
[0 0 5 8] 6fil«g7rt7 

-C\5lVMC6 0 o a>fi££rft-fffi-C*>£ 0 
[0 0 5 9] Sffi±^[^i:e:6^b, *IMftC(c*> 

jfeD<OT*<Oil«t-t-Sj»*i*:te*fBL-e*>So 
[0 0 6 0] ^fi^Dtdll, ftfi,(D7r-fey hffi*5M»*> 

.<0*E(t*s#fi^D«cft«)t>-tt-5^:^9 Ctic45 0 fcffi 
(D^< fe7Hl*<&*#<&&*t>ra«-f a. »0li«*L 

20 [0061] *fi#jc*^uyhiEffift^^isaiifi)cS^ 

[0 0 6 2] (EffiS:««)fc«*Wifi*», /HBftttff, 
Tl*ftv*fc»;tftv*. (Effi<7>£< lilt^Sltcft^Ufci: 
-J-*. * ^^#»tc»i>»«icSI«>bix^tettii, ten 

<<r>xhh 0 

[0 0 6 3] ffitt^te. »**tt*if*ttO***W» 

[0 0 6 4 ] £/c/£^#lCj;oT{l, ^®#<7>^X 
^tfyhfcLTIi — ^tx.6n5o ^*lcwx.lf — ^ 

w#fi^D^¥^w^.tf i o 4 m<Dm&z$k&z>k-fti 
3i y^ try mi o" 4 ic«ati*9 

[0 0 6 5] wJl*-e**WO(Effi«»*teSr»U<a 

^xztzo l a» l * fc* « tt r 4 ^ a * ft ra H jS ^ *> 

n ^-CllCffitt^oaX^^ < ftv^^5ci:l:4ot 
50 L^9 0 c*S*ft<D»^lKffl[Jlctt*ffiilciltfii-5^ 



(10) 
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T?«'>1- h Z t I* 4 V * A» P> T' S> 5 o 
[0 0 6 6] (Hi 1 (C^ B B B (7)^®^7Fi- 0 ^Mffi s ^ 

EPD = Qs/ (s+w) fcV^-SofcfcS. 

Sd*«is/ (s+w) T*-£x.b*t5o wfili-frVMfi^i 
/2 £^l/3g£lcLa»4b4l/\, fcC 
£jfe#J-Ci£-<£ J;9(:i/1 0 0 0 0 Sff 

[0 0 6 7] :^l:lLTk #»9l#tt|3Efci5*4 

[0 0 6 8 ] G a NftfiiBlfcgtClfcl^-C, 77*y h 
fiJcS^f^ilft^-t^o 0J;Ltf. NH 3 # 

GaNfiEftlS, iSfti&a, #*£>8eL#4£<0# 20 

[oo6 9] wx-tfrtftsaflEAsastMi^aiffli^fto^i- 

< (cffifftft) 77** h^Cl^c dt*fi*^fi;^ 

S^StMi^«ffi*ftL^i"< 7 7* y M^ClcK 

£«9 NH 3 #E£±if 5^ (tic J; 19 77** MSftSii: 
?&<tv^ zkXhZ> 0 HCl»EW^8il:ft9 
^-fv\ &f)HC l #E£±lf ai77tj/ h/£SL 

[0 0 7 0] GaNgiO/SftC, :Ux<ba>J*«*f* 

Ltz&m&hZ>£ 9lci--5o 77tyh«fiLfcg»i: 

HHl-£ft*-ti\ £B«lc:fc^T^::a»-e7 7*y h/& 
fi(Z>IBffi^*)S«t9^-rSo 77tyh*fiUtt»ii 
Cffi 4 < 4 6 ft> & £lttttft£« IT t> teffili#?£ 

SfcS:a*1-6^i:^T*#6o SftlKBiffiJtKfii* 2 

KJtW+*. B£[S] tTHi:5fc«Hfc^9«flB*r*tf* 
au:46. ^S^IcZ&tcJSS (x, y, z) Sri: 9 7 
7t^»ltBSw (x, y, z) r*Ui 
(x, y, z) #7 7** hrtft»#fcb K *9"C4 5(7 
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w(x, y, z)=0 ( x , y, z) /^££®J&:I: 

w(x, y, z)=l & ( x , y, z) i*77tS'F 

-#C7COttE4$ttM#W (x, y) li*Bj£ (x, y) 
*>ba»*rTt z*[6l<0<!:'c^{C77*y hfifcfiw 
(x, y, z) = lj&Sfctltf, jft (x, y) OWtlt 
U z*l6j(7D^^{Ct7 7** hJ*fttf4A»ofcfcf? 
fl, £ (x, y) (DW£0 klTZ>mWLXhh t^h Q 
W(x, y) =max z { w ( x , y, z) } 

Sffi^ftT'W (x, y) = I ki-tltt±W& 

77ty h«K*r#otv^ C tt'feSo Lri>U fc<h 
x.$i54*tw (x, y) = l Xhotzt LXkftn<v 
zrat^xyit^fw (x, y, z) = l£46<h 
\*^0k<DXt£\<\ hZ>$fM (fe^xyW t'w (x, 

y, z) =it46jiSis*v^fcv»5J:?4*«#**ttf 
*B£ftT?W (x, y) =lt*5 0 
[0 0 7 1 ] (112 li^-co J: 9 4»*oril«iSO|(6BrB 

C-*«l:7 7ty hriclMi* (&») *>i£vM#as*> 

x c ttj^g^ioc o t i>fe&<nmfcfowxfc{\Lfcft& 

L4l\, Bl2^^t»»» (^S^cftA) t'fcot 

v)^*>\z£mn (»Bfi6fi«P) B«36^#<4ort>(B: 
[0 0 7 2] 11 3ttV>o-t9«3S«CLfctO-e*>-5. 

^to»i:41i;t)^r77t7 hricftASficsJ: 5 
ic: (gift) ltv>5 0 ::t'7 7 t^M^:^ 

ir\ :^)J;3W^77t>7 h^«««o»#tcJ: 
oT±BtC*J^Tfi:1EtS):fkS-fr5C^#-C*6o 
[0 0 7 3] «^mif:K'77ty hfigfi^a 

E#fcfttf*a>« c MAS L-c bl5ffi<oftii'>4v^ r* 
$W7t^g«, «B««o»*lciJ:o-clift* 

b4^o ; etts-c<7)^ic^^T7 7*y h^fi#*>n 

k^iVtm&LXZtztf, -tix4b77*7 KSfflF ^ 
^E<o®fi| (w-F) lcga#itWia»^ix5fcitwJ: 
9lc£x.a 0 *ii4bfija<o*]W4«'>(iew6«i-f* s 

4t\, 1 o _4 -i o _3 (7)^— y-x 

*OJRB(iK*ifij(D±T^7 7*y 
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[0 0 7 4] :wj;^i77ty h^ft«ai5r4x.5 
[0 0 7 5] :9 LTfefi^^>^ii:oo^^(OG a 
[0 0 7 6] ^±(CgftlELT#fc##Wtf>G a NSi££/£ 

(1) 77ty Flirty hffi^«#«^fi6^ 

(3) hffi(0^-rs#li^Jc*5»tS*K 

(4) #«jST«»*w|gtards*^1-5rfcJcJ:Sl»tt4c» 

(5) 77ty Mffi*»BK»#fiH«wtt*»cJ:S«* 

[0 0 7 7] ItLb^ffliaoT, *^P^Ii. 

fc-o»*iS (S#*te) *s«x.tf¥«Lr 1 o 4 {® 
(Dm£*mnX'ZZ>t-fZ>k, W:i0 8 cm~ 2 O 
ef£#fcofc§3\ 10 4 cm" 2 (7)l/^K«^ 

[0 0 7 8] J£l±, *«MWS*W&«»*ttWL^ e 

[0 0 7 9] h*Hi££ 7 7 

■fe y hffi£*Ti-5-f ^tttttfy hffc6A\ tttM*7 7 



(11) ^2 0 0 1 - 1 0 2 3 0 7 
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[0 0 8 0] 77tyhifi*tofc 
[0 0 8 1 ] fcS^tt**Wtt, 7 7 ty hWiSSrto 

[0 0 8 2] tet°7 hi: {1 1-22} 

{1 1-22} ®icffl^nfca?Aftai^t o y h£ 

Ri^-o {1-101} ®^tumi"5^ 
ir^fcSo *<O»^rtft5*05 {11-22} t {1-1 
0 1} KJloTiSl 2 ft f y bkftZo 77t>; 

hiBI±»^Bfl» £*»9feig Cilifc 

{11-22}. {1-211}, |n-2nnk) 
20 ( n , k JilEft) , {1-101}, {1-102}, 
{ n - n 0 k } ( n , k liftft) 3&"0*>5 o 
[0 0 8 3] ^ilj:, 77tyMW 
»*!)ii*4^-Ctt***-*-S C £ t-<t 9 £»/i7r 

(«*>S5) o 77ty hmmfc&^ftmvtoit'y hx 

J0 [0 0 8 4 ] ^^0^(i^fcZ^7cW^^rir y hflKgA* 
bfcatfyKO, 7 7 1 7 h lOit}M|WT»l:«i5tt 

6) o 

[0 0 8 5] #*8Wte£6l;:, HScTcWft^rir * h« 

[0 0 8 6] #3gWl±, G a NjSfijSS^K, 7 7* S> 
[0 0 8 7] HRjEftfc^r-fcy HBa**e>4StTy h 

(7)7rir y bmit {1 1-2 2} ffiT-*>S»#^ftfc* 
50 2 0} T*fc£ (»*«10) . ^®*C®^ 
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1) 0 

[0088] 7rt7 hB&«»Lfctf 

[0 0 8 9] *«W^«tt(S«^S»*«:#5fc*Jctt, 

**B0«B»wfc*H-$, HftSW47rtym 
o*flBDflia»oiBaFa>Jt*F/wdSi o%EJLk"C*>5 

■fey HHJtfc^5«)tt7r-fe!f hffi^<bft£ t°y b k fcT 

[oo9o] -jieffiis«a**r#afc*^ii, mbs 

Wl:*tt577tS' hffi«Fa>Jfc*F/Wj&S4 0%J^± 

oT«5&B#*>5a»&-C*>a. 
[0 0 9 1] «t f?«i*W{cfEf4S:«^S-e:S^(i7r-fe 

7). 8 0%»±i:/jC5i:. rtfttfy M^^57rt 

lefts. 

[0 0 9 2] 3felcH*5cttfc7T*y FB*:£tN** 
try ht*©*-&»:©*-C3ftSSVMCigaL*BICcii« 

*s#at4v^ (f/w= i 00%) *§£\ teasma* 

(Il^ill 8) o 
[0 0 9 3] a±(c3d5'<fct>ott:rt**BJcaix5fc«) 

^LB»ft*ttro77ty hBSrltfcftivSft*'* h# 

try M*#fc+s»&T-fca„ try hffi^w*4*ttSr 

b077*5' H®T*ft< tt77ty hffit^^lCtefi 

<o % #* g ft £ l ffi m -r z> <n -e h z B 

[0 0 9 4] #369111, «ffijSft&0*Bfc*3ttSlSfi: 

*ifc*B**1-*»£*fe*tf 9) . RHt 

1 0%J£JUtT*fc<9, ^o4tW7 7ty hffi^b-f 
(fg#Jl2 0) . 

[0 09 5] Z&5cW7r-fey M^ft5t*7 hS< 
<D\fy b'&te 1 0 ^ mfrb 1 0 0 0 u mT'fc^W^i 
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[0 0 9 6] 

NWfig«ife-e*>5o GaNiSit5i:ttSf)i:*«)J: 

(OG a N^3£ B B B £j&g£-£6 0 

[0 0 9 7] :©77tyhi«toTlJftS*fclS 
EftG a N»«it««WJlDILt¥Btt«r4i6. $ 
70 6Jc*BS:eFBSLT5pti¥rtft*BS:«ofe^3BfiGa 
Nli^#5 (»#Jgl 2) 0 

[0 0 9 8] 5pBttSr4xSfc*0««*PXttWfiiJAPI 
tfcficfctfcfi (SM14) . *IM*¥B«:*:-**. 

1 3 ) o 

[0 0 9 9] *5gWWfefi^fi*fett. ^ftJ&glCj; 
5o GaN(Otti/Sftft^Lt{t 
OHVPE& (Hydride Vapor Phase Epitaxy) 
OMOCVDS (*«&JRft^lK»j5fe ; Metallorganic 
i>0 Chemical Vapor Phase Deposition) 

OMOC& (^H&jRttfcftfttBlftjfcfe ; Metallorgani 
c Chloride Vapor PhaseEpi taxy) 

o 

^t#*.bnsHvpEifefcj:5»*(co^r»w+ 

[0 10 0] HVPE&a^^ll, h**— 7U§S 

<7)K J5#5*>±8tflH;: G a h Sr fc 9 »t*0f» Lf:Ga» 

Sffi£fc5tfNH 3 £#£iMrJ:3KLT:fc#, JDSl L 
fcG a * (Rig) CHC 1 «:*§;^t'G a C 1 
T^'mSG, T*t'NH 3 tS6$tGaN 
^LG a N*s«««cJ«aM-5 J: 5«wLfcbwcfc 

[0101] G a Njftit£ffll*&StE& LTIi, -9-77 
r , SiC, Si, * (M g A 1 2 O 4 ) , N 

d G a O 3 , ZnO, MgCK S i02, G a A s , G 
a P x G a N, A 1 N ft ^(D^^Wi^Mi'^ (It* 

40 JI2 3) 0 ^^^:^i<Iffl::n^lfi 

«*(0^t?G a N<nmfak LT*riIft ^^T'fe^o 
[0 10 2] c$4^fSliCG a N^ B B a^fiic^^-tt5m^ 

Sfi«:fflt^^B3ft?*>5. o£9*£ B B B £<t LtliA*fi 
^ (hexagona ! symme try) X'foZ>fr 
xLjjBalfc (cubic s ymme try) ~C£>6^£n 
&X'hZ> 0 iLlj&l&<nm£ (111) B^^^lfZlH]^ 
50 fMtJ&sfcS. ±E^t>0)(±*ric-rS«F^iBff J 5»EE/3lcJ: 
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[0103] ±ls*«T*A*fi*, 

<Z>fc0>S:ji-£o t7r>fr, SiC, Si0 2 , NdG 
a0 3 , ZnO, GaN, A 1 Nft 

J&frffl^acfcas-c**. si, ^tr*/K Mgo, g 

a As, Ga P4^fi4*ft*0 (ill) 

ore* a a* , cffiw^sr*ffitc-rs»^nsffi^*ffit 

C*l£fSiSoT< 5„ GaN4J«©#IHtt:*tot« 

[0 10 4] Ga NfigfiO*^Sfifl, SffiiCBflPSP* 

Vt4T^ SiC, Si, *t**/U (M g A 1 
2 0 4 ) * N d G a O 3 , ZnO, Mg O, Si0 2 , 
Ga As, GaP, GaN, A 1 N/jJ^MbqIS?: 
ffiffl-rSC^t^TfflT*** (SM2 5) 0 TXfiDfe 

[0105] ^^^wb5»t*^t2«ao3i«R3ftsa) 

IdGa N/<y7 7iSr*it5*^I*M*:45 0 
t>9-o|j:SS(Dj:l^i< G a Ni^MLTM^ 

[0 10 6] -rx^iiiRUj^BBqft (ft) Sr»fc4<-C 
litt fcfclr*. MnftlCK^G a N***Sj**+S*»e)-C 

^(i^-r^/^^: (Lateral Overgrowth) 0 tz&b<D 

[0 10 7] T^^«(DJg#t(c:t»od^iStRJtt^*> 

60 

»*1-*fcO. ciOGaN«*S«»*lt 

£5ic<b ?it5k(0 0 ttsn<o« % Mq»<7>«, ftiMi 

£-pS£* h 7 4 -f&Vt ■• -^H«^#ttBB P 5 it 
[0 10 8] ^ixb<o»f+#^^^«rttfflLfc^Stt, 
[0 10 9] -7*?tt#St£, *>5lMi^**fcLS« 



(13) »2 0 0 1 - 1 0 2 3 0 7 
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[0 110] TifeSfit±*WGa Nl*A0>*tl«s»4 
t>T'#6 (»#Jg2 7, 2 8) 0 

[0111] Z<ntitb, •fyr^r. sic, si, * 

t°^yu (MgAl 2O4) , NdGa0 3 , ZnO, M 
10 gO, Si02x GaAs, GaP, GaN, AINfr 
^(D^aiafficoitC, G a N£«ftft#<Dff£lc!ittl 

4) . 

[0112] *i*tt, IIl;flP9^tt^#B 0 0 fxii 

MaWb^^^X^I^ttSt^r^r, S i C, 
Si, ^ t°*/U (MgAl 2O4) . N d G a O 3 , Z 
nO, MgO, S i O 2 ^ GaAs, GaP, GaN, 

(HI** 2 6) 0 
[0 113] lftO-^i/NSr^Stf i:|5]««^ cco-e 

[0114] &9<D#nzmtiLki~z<Dx\ timwtt 
a^^^Kfts. mmmm, t&*£ft#Ga Nice 

.lf^»e>"C*>*. L^lG a A s liS5fRl<0jSft#fflSl-eN 

G a NjsSfi*jSS£-£.fc 9 fci" S»^KfflK:»ill!rt-3a* 
g a a saffiiiKia^i-sir-Sfp^ftfburwnrL* 

\CttLXitG a A s mmi£<m±% 0 tzfrb*%Wlt 
GaAs SffifcjifiSlCflJffl-f * C <h #"C£ 
40 [0 1 1 5 ] G a A sSg (111) ®±(«1^^^^^ 

it $r « * iA * 4 1> -e^ S * -fr 5 - 1 1 c J: »9 g ffl fc {S tt 
L, ^<om. GaAslfi^Ug, 8®^ 
Sr^-f (tlcj; 9, #efiG a N**SKSr»ig-T6 
»35«-e*-5 (»#S2 9) o GaAsSS^iilt X 

[0116] :9 LX'&htltz&m&G a N(7)m^Sffi 
5(? imm&tLX. Se>l:GaNefiSrSfi$*5wfc3iS 
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O^m^fcU ilJOIt 5 C^ICtoTGaN 
[0117] 19 LtfttnfcG a NK««i, ft«£ffl 

fe»«>a*ftV^-CG a N^ 0 B a £/&^£-£3 * fc |c J: «9 

*TLTd3 9 v *w***»*^»<o««ttl 0 5 cm 
" 2 fiLTT-*>S (ff#«2 1) . 
[0 118] Htt>:te*^ffl<75*ffoai]^*ife^ Ltl 
o&6 0 -oil, cl (^y-h>U>tyx) 
mfc-f 6 # *fc"C *> 6 o KftfflJ ft Sffi £ WAP t tr- 

e^ti^ 0 ^ft^^ftf§fci!£^fcft£3gt-£ 0 m^- 

o c /<V K«A>b<03SttfcJ:5***>«£«£i-S 
fc LTritftLfc««H\ KUHHlfifc Ltag^fW. ^ 

[0 119] Sfc, t>9 — 3*>a«e#ifcl4. ^yf-fcTy 

iftiyftfy hfc LTM$J£*i£ 0 2 5 0 , C«cADjRL 
fcttBL m&totKBtiO + V* aUS+^SG a NMSS 

^fcfcJ:oT®l££;h,6 0 

[0 12 0] il^O!Kft(4^1fl>fe// m'flO^L y ^ t° 
-fSfc, £gfc LTttl 0 5 cm- 2 i^Tfc LT®$i]£ 

SSSix, Ztib<n£ft<D%mi*i o 6 c m~ 2 UTX-h 
Z («#Jl2 2) 0 
[0121] 

+ WM*DI)'] Hi 8 (a) - (c) fcH&tftji <OXg 
£^1% S&2 1 (7;>±icgtt#<O^X? 2 2£ttlt3 D 

SffiteU-vr^T, G a a s tet'fc&nmfcntttiX'b 
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S^o SSrilLTG a N£I^«ttjfift£-fr6, 

18 (b) <D& o\Z.yy* y h®2 5 *JH»^a*tfcBfl 

flfcmfrleffifc*5, »st>^ffftt^:H^ 

HSfc^So HI 8 (c) 0>«fc ?fcg&o£tf)G a 

fcftfflLfc. cP|8|f77^7||T'|)5o ^ffi 
i*l:ffcHVPEftCJ:otfS 2/imWGaNxt 0 
/0 Lfc. GaN/if77^7lS^2lM 

<B£«#-C#fc^fcfc&a o -t^ffifc* ^^7"^ 

t>co (?) <0-« 9 Lfc. ^nh^ 

^CD^fa (fi#*|63) lit77>frSfi«WGaNl(D 
< 1 - 1 0 0 >#ftfcWrfc£5 J: 0\ZLtz 0 
(7^1(14 n m, tft«a^>«tt4 /i mT\ H)B8//mt'*) 
£o -7^^WliS i O 2 "C*>>91KJ¥ttO. 1/imT'fc 

So 

[0122] ^(DSgliv^^/G a N/17- 7 T-fTfc 
^ ^5=H«3SS:1#*), ¥0S*Ri4Ga N/^7r^Tfc 
v^lIiMt)O c :©J;^jtIfiw±l:HVPEj£ 

taot, G a N*£,SI<0/*fi£fTo;/i:. *HlfSWT-ffl^ 
fcHVPEgWi, SE^^WCGa^^^ 

ifc^Lfctf- h^i^ttHc i + y hfc 

ftllT^AT*#££?fcU T^fcg&£®#gffi<0& 
{gfcNH 3 y J: 9fcLT*>5 e 

jWiTV*6 0 8 0 0°C\zmmZMzG a b\zfP<D± 
30 ^bHCl^X^SL, Ga^^/^^^-^GaC 
1 Sr^rit-i-S. T#<rc«fiOi&fffcf4NH 3 #**ifiL 
T:fc£, T*^STLt<5GaCliSSStSS± 
CGaNW^5 0 y ^tfXli-f^TzKSffc L 

[0 12 3] (/<y77i«)»Jt) *1*S«[*IR) 4 9 0 
CWfifl{:«»L, NH 3 ^^0. 2a tm (2 
OkPa) , H C 1 2X10" 3 atm (0. 2 

k P a) fc LT> Jfc&nmi 0ftT\ Ga N/<y77i 
^3 0n m(Dm^\ZBf&Ltz 0 ¥S^I4 1 0 0 n ml? 
^ ^(7)-7X^^^)«9-7^^(OiilC{iG a N^*«L<CV^ 0 
/•f^^^(D(^^(C(7)^/<-/^ T ^^3 0 nmi^ilf b 
ix/l^fc{C^6c 6lMiW3 0nm^777l 

[0 12 4] (:*fcr**->*/UB©»J*) wJxP>«>K» 
$r9 8 or- 1 0 5 0tCMLT/<'y77i<O±l:$ 

50 F, Gfct-5 0 
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[0 12 5] Of-^^/UA 



NH 3 M 
HC 1 

[0 12 7] 



ififti&S losot 

NH3»E 0. 2atm(20kPa) 

H C 1 #E 5XlO" 3 atm (0. 5kPa) 

j&mm s mm 

*ftl*$ 2 9 0//m 

[0 12 6] 0*>^B 

^fflSffi f77^7S« (^**o#) 

ritfttfiS losot 

N H 3 #J£ 0. 2atm (20kPa) 

HC 15)E 5X10~ 3 atm(0. 5kPa) 
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lOOOt 
0. 3atm(30kPa) 
2 X 1 0 ~ 2 a tm (2kPa) 
3. 5B*ffi 
4 2 0 /im 



2 7 0/im 



[0 12 8] Of-^T^D 

t77^7lS (-7**0#) 
1 0 2 Ot: 

N H 3 0. 2a tm (20k Pa) 

H C 1 lX10 _2 atm(lkPa) 

J&^1J¥£ 3 3 0 *im 

[0129] 0*>^E 

t7r^7Sfi (vx^ot) 

i o o or 

N H 3 #i£ 0. 3atm (30kPa) 

H C 1 2X10~ 2 atm(2kPa) 

fiK5«m 3. 5B#r*i 

fttlli 4 0 0 /im 

[0 13 0] Oir-^^/UF 

j&Si&g l o o or 

NH 3 5)E 0. 4atm(40kPa) 

H C 1 #)± 3X10~ 2 atm(3kPa) 

3 mm 

4 6 5 /i m 
[0131] 0*>^G 

*Sias 9 8 or 

NH 3 M 0. 4atm(40kPa) 

H C I #E 4XlO~ 2 a tm (4kPa) 

dtftKID 2. 5B$ffl 

4 4 0jum 

[0 13 2] -n^6o(7)i7-vyyKO/S^^7^-^{i 
W±oj:9-C*>6o tf>://i'A£Clil^-co*ft*c*>S 

[0133] umi*mW£'<y *-*X'h2>fiK 

/UA, C, DI110 5 or, 1 0 2 0r*<b*itR#)iSi^ 



1 0 0 0V&T<Dlt%l&}{&UX'<nf$ t $;tt£<oX\f^Z> 0 
[0 13 4] NH 3 »EtfiJIl:»»t5J;9l:ftx. 

6 Q iT-V^/UA, C\ DliNH 3 #flEtf*0. 2a tm 
(20 k Pa) XhZo f>7 P yUB, EttNH3»E^ 
0. 3 a t m (3 0 k P a ) T*&6 0 *>7VUF* G 13 
a^rS<r0. 4a tm (40kPa) T*&£ e 
[0 13 5] HC 1 #ElcB8LTSx.li\ t^7 P ;UA, 



40 



C, Dfi 1 0 



- 2 



a t m ( 1 k P a ) SkTXh*) * V> 



50 



-flV B, E > F. Gli2X10 _2 atm (2kPa) 
[0 13 6] HC*f**»«1-5IR9l*IB.t*ftMS 

iiJSfif-V^UC (3 0 //m/h) , A (36^m/ 
h) ^»tC(SV> 0 iT-V-^/UD (55/im/h) fc(ftt\ 

-ti^te i o o » m/h*«^siia-c*>s„ f-v^ 5 

/UB ( 1 2 0 /i m/h) , E (1 1 4 \i m/h) x F 
(155/im/h) , G ( 1 7 6 /i m/h) 
100^ m/h &ffix.-0^5 0 

[0137] figg5ig^^#V>^>7 P /U (G, F N B, 
E) (i, NH 3 »EM<, HC1M 

(C, A, D) J: 9t'fo^o 

[0138] ztibv^y/w&M&mfamwLmLtz* 

^WiaWT'Hofcl (7 7 t«; hSBlt*) F/W£ 
[013d] ricft»*>atffi(i* fSft*fl=lcJ:oT«*lc 

A, Cli*ffittc©T-fe0 5p»¥ffl-C7T-fey Mi^o 
fc<flFftL*v^ 0 %^«LffiJRJ|^>^UD(il 0%g 
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[0 1 4 0] -tJx^W-^^^/UB, E, F, GttH#: 
HcfcttS^r-fcs' hffitt {1 1-22} Efcfco-O* 
{1 1-2 2} B^PJftU: {1-10 1} B#EB5»£ 

[0141] *B<0K»««&<0*>£, ftfy^KDG 
aNSSl^)B^I»ILf; 0 £ ibKSBSrflFft L 70 
TGaN^»?fij^lTof: 0 W«i)0I»<aSB 

fcffc±W\ «D D D^ie (*^) fcLfc. 

[0 14 2] ^ftl^v^/iffiSrftofc,, EPD£ 

-fey h»iB«lt*F/WflR»«^Kwiii*»WiwJ:o 
Lfc**fcffi*rftv\, b L^tV h»i«B«<0iti: 

B«Jt*F/W, E PD<D$j£{g£^>7VMCO^T 
[0143] Of-V^/UA 

To 

l*M©77'fey hS5®«tt:^ (F/W) : 0% 
EPD: 1 X 1 0 8 c m ~ 2 

[0144] O-^yzf^B 

«W77ty HSBBiSJt* (F/W) : |]5 0% 
EPD: 3 X 1 0 5 c m~ 2 

[0 14 5] O^V^/UC 

To 

*MW7 7ty hg&BUJt^ (F/W) : 0% 
EPD: 3X10 7 cm~ 2 40 

[0146] Oi^V^D 

iS^'g^Bttig : »if»ffi*|g-e. SBfy Hit - 

&%'&<n7T±v h&mmttm (f/w) : 10% 

EPD: 8X10 5 cm -2 

[0147] Oi^>^E 

*ft*<07rt y HfflBSUt* (F/W) : ft 4 0 % 
EPD: 5 X 1 0 4 c m~ 2 50 
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[0148] Of-^TVUF 

a*i©7 7ty h&mmttm (f/w) : »so% 

EPD: 2xi0 4 cm~ 2 
[0 14 9] Oi^V^G 
l«fi«rc*B«l§ : MI:bf:ott'>7 hXJi^JtEJW 

«S8i(0 7 7-fe5'h«WiJt* (F/W) :{*tfl00 
% 

EPD: 1 X 1 0 4 c m~ 2 

[0 15 0] Zinh<01^>y/U(D 0 77t>> 

/I'B, D. E, F, GfC*3V^"CH7r-fe^ hJ*ftLT*5 

/h£V\> »^<Lti)Ga N^^EPDIj: 1 0 7 

c m" 2 ^Tl:iiB^/j:^o/j\ 

^ftlU0 6 cm" 2 J;9/h^<^oTl^o **W 
WlWiiE PD^10 6 cm" 2 J£AT£Ttf Z>Z JrT'fc 

(18X10 5 cm -2 , 3X10 5 cm" 2 t'fo^l 
&mtzi- 0 y-y-fjuE, F, Glil0 4 cm- 2 fU^ 

[0151] 1^>y/UA N Bf*«t t>lc-r^^ £<£ffl Lft 

<NH 3 . HC 1 »£E*5fi<ric«a«^ii<T«lBrt* 
LTV^o i:5^EPD(^<T10 8 cm" 2 i)fc 
•9 , SGJfeU"^ ( 1 0 7 c m~ 2 J^±) T'^6o 

[0 15 2] *«W(cjRi-^-y->7 , /uBttfi8;SiaSfi< 
N H 3 , HC 1 »JE*Sii5<rtfta**sa<"C7T-fey b 
fill lt^5o y htk*ti5 0%Xh*), EPD 

113 X 1 0 5 c m~ 2 XhhfrhWkm (< 1 0 6 c m 
~ 2 ) SrlfcLTV^, ^ifc^**&Lft0>T-S>6A» 
bt>7'^Bl;io^rEPD^f>7 , yl,A(Ol/3 0 0 

lc®'> L fcj^S fi-^ * * tc * v \ 

[0 15 3] EPDfr>«^77t7hW#ft(:fc 

50(i^b^-c*fo5o 77t5/hwSat5t:WE 

iai^t'/it\ k 9 ftbEPDii^® 

XhZ> 0 yy±y hSB^f-VT'/UBtcio^r 5 o%r* 

£ LTAW^5 X 1 0 7 c m~ 2 £ & 6^T'<b 3 0 
«!::^i/300(:^ot^6 0 £ v> 9 r dr 
/UBtCibHNT^®iC^oTV^6^«^E PDiSBot^ 

b^mit^z-oxi^t^^o ztxh^o 

[0 15 4] U-vtVua (-7^^|L) 
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i4ott^ 0 ?£g^i§i< NH 3, HCI»E«<I 

hk^*?<n&W*&Z>^X%Z> 0 ihy^UAIilO 
8 cm~ 2 , Cli3X10 7 cm" 2 T^6?i^^fiX 
hi£&&m<nm (> 1 0 7 cm~ 2 ) ^gx./^\ EP 

B(±A(7)^3fi|ic^>LT^^) 0 ztin^yy^ 

Cfr^Xy-&&&Ltzf&&£LX\,^frbXhZ> 0 * 

>? co^lj^li E P D £ 3 mUfe^Ml'P £ itS iCi® gfa n 0 

7 7 -fey ht7)^r^J: •Jli^CE P D£M'>£-£6 :: £ a> 70 

[0 15 5] 7 7 t y h\Z £ h^Mm?^^ ^7 

frt>b-r E PD(i8 X 1 0 5 cm~ 2 l*>LTt^o 
^^^Oft&Sflf (Hfyy/UC ; 3 X 1 0 7 c m 
~ 2 ) iit^L-fbE PD# 1 /A 0lC^>L-r^^ o 

7rty h«*ySfttE PD*sor**iB««tttt*i:ni: 
EPD&j£tzt-ttl\f7 7-ty hffi^O. 1&6EPD 
112. 7xi0 7 cm~ 2 CL«TL/^Mift'fc 20 

[0 15 6] ifyy/UE, F, Gfi^-fttfcE PDri* 1 

o 4 c m~ 2 <D*-y-x*mm&fa*t$^it 0 ^<o^ 

0%<7)-tf->7'Vl<'G (ixi0 4 cm~ 2 ) "e*>£ 0 3o 
7VUE (5X10 4 cm~ 2 ) T'&6 0 Ctl^>Owi:^> 

p>, ?r±y hm®tftzkz-mm<Di o%mmx'i>EP 

D«'>lctt£ftLfc»j|l dt>^/UD) ^*>9, 7 7-ir 
[0 15 7] eyh^rts'WfiLfct^roa 

[0 15 8] tfctfy h<D*b®<DmVt<D!K!&£%/vtz 

cm {i i-2o} xh-itzo mftXf&it'hmmmt 
teix\<*z>ztiimm£tit- 0 
[oi5 9] £M i <om^*mfammm<oi£%:i*. v> 

7Vub, e. f, g k k\^{z&\$c&te#;faxh<o 
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[0160] w(7>H*fiW"CE PD£ 1 0 4 c m~ 2 0;t 

EPD*Sb(ciS<T*#5^Iffitt^*>So tf:10 
4 cm"" 2 WigWEPDt'toll CWGaNlSJ: 
l:LD (i/-f^t-K) £f£SLfc»3\ 

mm&k Lx£b\z.Gmtei><Dk-tz>tztb\^ 

/Co 

[0 16 1] [Hlfc«2 (Ga A sSSh J?tfft + * 
7^^^JPX) ] Hi 9 (a) - (c) MH^#ij2?>X*I 
^r^-To 8ffi2 l<o±lcSfl-#0^*? 2 2£ttlt5 0 

Sfittt7r>f7, GaAs/j:^(DSI(7Mpint^ 
ftlr*o KSriiL-CG a N3BS2 7Sr«tt^S$-±5o » 

(b) 3C77t7 h@ 2 5 3ftSj*ftlcail 

S«»* LTG a Ng B 0 0 2 7 « ») f: 
I«rIfii]*OIfcJ:(/if»OILT¥fi¥rtft*I^t 
5„ Hi 9 (c) WJ: 9 ICG a N^^(7)^ B B B 2 8 
5 0 HltWHit77^7*ifii:LTGaN'>x/>l 

ftfc it Srfls» Lfc fc to -efc o t 0 ^ftn-^oy^^ t> 

*%\Z>tzi>bXhZ> 0 Jf:t77^7Ht^<GaAs 

[0162] 2 -< >^ ( 1 1 1 ) G a A s g&OG a ® 
((ill) alitt^) SrttfflLfco ^*^lc-T3 
fctf), G a A sg>K<7>£®ICS i O 2BI^"7 3 7X^C V 
DSlCioTi^Lt. -?*t<OWM±0. \umXh 

6 0 t^i7^- h y y^77^iaoT-7^^f^riit 

[0 16 3] V7^||j:i^(7»«t'fc6ii\ ^ 

h«(iitg2 u mS«w** s-en«-cfcjE*^-ct> 

G a A s S^(D< 11-2 >*[fi]l::4 limt'yf 
T* 1 ^UlCiE^J L x i)^< 1 1 -2>^C3. 5^m| 

^JS:»Jt5. BMSi-6?iJlcJRi-5 Hi< 11-2 

< l l -2>^fS]lc^0iii-tHit<b Ltc 0 o^»9ia^-t 
5 3o(7) K y h^'ll^^^<t 1 i£#4 m mOIEHA^ 

[0 164] Kyhgft^^^^^MLtGaAsI 
K<C, HVPE&iaoTGaN/<777i^ei^ 

ICG a / ^/i-^iR^Ltc^- h^raSlt 8 0 O'ClcflniRL 
HC 1 ^^^oStTG a C I ^^L, T^^gSil-iS 
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fCP*;#iAfrNH 3 tf*tG a C 1 Zfrfc £ iirTSffiJilC 
G a N§|£j&;t£-tt5o Hffi^J 1 11 ^ 1 ft^/f^^ 

[0 16 5] (/^77ri(OM) GaAslS^S 
OOtWfifilCft*), NH 3 5>ffO. 2a tm (2 0k 
Pa) % H C 1 2X10~ 3 atm(0. 2kP 
a) tLTfi3 0»BGaNR^fiStfc 8 v*;5>& 
(DG a A sM^U(0^mS 0 n m/f^tf}^ y V T B# 
mmLtZo **V*rtfxi±\,*irtii>*%tfxX~1hZ>o 

[0166] (3i trjl^)**) G a A s £fi<7>i&££ffl 
lOOOtiaifT, NH 3 #flE0. 4a tm (40k 
Pa) , HC1 #J± 3 X 1 0 ~ 2 a tm (3kPa) t 
Ltz 0 *fi«fPfllij(Sjl 0 ONFBB-Cfcofco 100I$Pb1<7) 
xtlfiiaot, J&$#2 5mmC0Ga N-f^rfy h 
dSfPH-e*fc. >f hflijSKteG a A sSWo^ 
/c££T*£>6 0 GaN*g*Ill, -&5cttft¥ffi (» 

rt«»-e*>S cflS*»645««tt 1 0%S£LA»fcV\, 

o. 9) 0 { i i - 2 2} mfrbtezm*%mvt<D}i o y 

[0167] Z(D^>dt y h£, ^7^t"ia^7 
^*W»»DILT»Jt (#^) GaAsIfi 
M<Dft2mmJ¥a>«5#<!:, iSftBtt0£) 3 mmffttftllft 
li^OjtTfio SitSriSJliILt, *Ha«PJflfc2>f 
g^ 3 5 0 /i mOG a NgS^2 0tfc»b*l 

fc. 

[0 16 8] l^-COG aN^y^-y ht'fcot fctttt«C 
ioTEP DliiS 9 o -t^T-Ga A sStRfflfUciSV^JC 
/> (H) , + *«<0*:n/N (I) . dt*iB«ICiSV^«>ac 

^ (j) nsticz&'o&Lxmmmi tmm<om^mm 

[0 16 9] 





E 


P 


D : 


8 


X 


1 


0 


3 


c m~ 


2 


Of" >^ I 
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P 
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6 
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1 


0 


3 


c m ~~ 


2 




E 
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5 


X 


1 


0 


3 


cm - 


2 



[0170] zcox 5(cjg#-ce^E PD<nm*'&hti 

tz 0 mmrn 1 <7>»£«'hE PD7^ 1 0 4 c m~ 2 T'&o 
*ft<fc9 4:fcfS^<D^*>*. NH 3 »E (0. 4 
a tm (40kPa) ) % HCI #i£ ( 3 X 1 0 ~ 2 a 
t m (3 k P a) ) t fclcS< fiSttfi< (10 0 0 

[0171] QFB%<^ *^<7>*B£«S1- 5 £ > 3i y 
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[0172] scicasffrjcjnxtTKssrf^iSLaiaa^ 

[0 17 3] ^0«t9 4Sa4fiettGaNI±wix*-C 

[0174] [**«3 <*7r-fTS*, W*lt + * 
yjXlmX) ] 120 (a) ~ (c) KlltKM 3 0>Xg 

£=E2 Hz±{zmiZ<0-?A? 2 2£tttt5 0 
StRll^r^ 7\ Ga Astek'9c7&<DmtiL<OfttlXi> 
&V\> S^ilL-CI¥^<7)fo5Ga Nifef B 2 9 £ jaffifigfi 

fi$*S^bEI2 0 (b) <D£o\Z7T±y h® 2 5 755 
«ftl^aiiyi:BfliaJc:*tr*iBtftS. ilsmffS 
50 t6:H*>a o f^fc^G a N^ 0 s b2 9 ^$&<bSiS 
^^•^(^^^rL^Sfe^^ni/N^-r^. 

20 (c) O«t5l:ifttt(0GaN*(tO;7-^ 

3 0, 3 1 , 3 2, 3 3-£»£o HSW 2 l±G a A s 
SS^ftoTGa N^J|WLX7^^U2 0 ftCO •> 
3i/n{cL/1o ^mt^-yr^rm^m^XG a NSrff 

gffi^rLf-. f«)HVPEffit\ t77^7Sil:fii 
^ u m(DG a tf*4r»* Lfc. 

[0 17 5] ^(OliCO. 1 /i mW-ZKO^^tttPt 
(Si0 2 ) &#«Lfc. ^^^^tt$*^*<OJgtt^ 

^JHJBH4H«-C*)5 0 f7r>f7«J:l:GaNl^fc5 
HGa NS(O*ajc»LT^^^«0)iE^Jw*|fi)«:S: 

[0176] Yv bmitmw-2 umumnxz&xwm 

Xi>lEJj&X't>&\<\ G a N^(0< 1-10 0 >^^]l- 

4 n me^ft' 1 ^JICE^IL, 7i^o< 11-20 >#fS] 
50 113. 5 a mmtltzt Z ?>lzmC4 » m¥y^XmC± 
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Mi<l-l00>^l:2/im (tt^yf) TtU^ct 
SfcLfc. ^tuSr< 1 l-2 0>*fSl(ctt*)5S1"ct5lc 

$fi£tffc 0 *lSW2i:Wi:*i»IBritB(T*-5HVPE 

[0 17 7] (:t ^VGaN/f77 

>rr»tEA»e>ftas«wiaa«rfti o 3 otics*,, n 

H3»flE0. 35a tm (35kPa) x HCI #EE 4 
xlO~ 2 atm(4kPa)<t Ltz 0 j£fiB*[H(ift 1 

H 3 »ffili'>US<, HClMli^liKltfe^, 
[0 1 7 8] ^t°**i>^yU/$g|Cj;oT, S^3c 

^<im^m^mxh^tz 0 GaN^iM{t mm 

T-£>£ c ffi^P>*S T 3 0%ISX'fco 
J£it*F/WfiO. 7X*h& 0 

[0179] {ii-22} m*bte%&^ftm&<nt° 

LT2 4ft<D!>x/N^|7t 0 t7/^ 7£fifi(a>3mm 

4ft<7)*^'MiflFgAnXLT)¥£ 3 5 0 // m(D^±0¥^ 
ftG a NV^^t Ltz 0 

[0180] mm&\2 tmcz o\z.m-' r v<n 

TSStRij^fiV^V^/U (K) , 

(L) % /SfiffiffilCi&lvfr (M) (D3&ZWL*)ft 

U RRiMIUo-CKStti, EPDtfSrW^fco 

[0181] 

Of >7'^K EPD: 2Xl0 4 c m~ 2 

OtVT'/UL EPD:lX10 4 cm~ 2 
Ot>7 P /UM EPD:8X10 3 cm~ 2 

[0182] mmm 2x^0 m^^K -tft-et+aKev* 

E PD<nm*'&btltz 0 mS«l<OSf&»/jxEPD^l 
0 4 cm- 2 T'fco/c^. *jh,£fe]^"0*>So H!£« 1 
*>#Sli*^ i ft L^fttt4^ASHft« 3 <nmttiim 

li-*-e*+ttOG a N»>3i^Sr»!igt?#S. NH 3 ^ 
JE ( 0 . 35atm (35kPa) ) , HCI #GE ( 4 
X 1 0~ 2 a t m (4 k P a) ) <t t> W < iUEttfit' 
(1 0 3 0*0 tl^:^ f >i5t'fc5o CtllC^oT 

7rty Ko#t^fts:fiFa-r5 0 
[oi8 3] wB»(D^aiyN<o*®^aa-rs^, ^ > 

*cDiMX<7)k(0#£>o/i 0 # y— K;u^-fe>*<7>|| 
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try ^ttl5^:^^^^jB**^^«port*hry hotwc 

[oi8 4] mmKizMJLLxmi&ftmLmi&m* 
mwm\z±^xm*fa<DX!fa<DWL&*Ltz Q x^t*^ 

[0 18 5] COJ: 9*(£1tofiGa NliCtt*-C^<# 
ftLft^ofc. r^J: 5 4fi«£t(fc0>G a N£«£®fflL 
TG a NS^LDSrf^JJ-^Sirfi^WU-lf^/^ ^ 

20 [0 18 6] [jSS£0»]4 (t7r^7M, 4^Pg^ 
fc\ »>5lt + *7>f *flDX) ] 120 (a) ~ (c) \C 

sawn wis***-*-. s«2 i\c±\zmtt$<D'?x? 

2 2£tt<t5 0 !Slj:t77^7, GaAsW» 

KtRwfirn-et>av\ «£«l-cj¥^<o*>*g a N&fi 

ft-rs*#X^S$-ti-S^e)EI2 0 (b) <0j:9ic7r 
■fey HE 2 S^M^lcan/cDQiOjlcS^St/iSo & 

2 9^^^^iE(7)^f^{C^^Llg^ft^^^yNt-r5 0 

mmt-fZ> 0 120 (c) (?)J:3(:ItftWGaNW 
W;7-^/>30, 3 1, 32, 3 3-*:»-6 D Hffi 
«3iP«W*i!feiaoT, t7 7 >f7SSIl:GaN 

B«ricS^J:oTf^»tfe 0 mfi«2T-fflv^cO)^|5]i: 
J: 5 CSWMt'* 5H v P ESlifflt^o 
[0 18 7] (G a N^tf/I^ffM) 
8J l®Bf (f?J]W2ffi) 

40 *ss?as ; i o 3 or 

N H 3 ; 0. 12atm(l2kPa) 

H C 1 ; 2xi0" 2 atm (2kPa) 

fS2»ft (^2W1) 

jSfiift* ; 10 30t 

NH 3 M; 0. 35atm(35kPa) 

H C 1 ; 2X10~ 2 atm(2kPa) 

(«< 2P*|BJ) 
figfiiaff ; 1 0 3 or 
N H 3 #JE ; 0 . 1 2 a t m ( 1 2 k P a ) 
50 HCIM; 2X!0~ 2 atm(2kPa) 



(20) 



37 



f&mim ; I 0 3 0t 

NH 3 M; 0. 35atm(35kPa) 

HC 1M; 4 X 1 0 ~ 2 a tm (4kPa) 

[0188] f&mmm<n&it\t i o i B#rBi-c$>3o 
j&S(iio3ott*-iui/^. i ^smmttnmn 

fit MB (6«fB) o*ft-C*>0, ^{)l:NH 3 ^f 
x.T^5o 4»|»0 9 5«FlB©rt*ttSHli«3i:^<W 

[oi89] 3i tr^*wje», mt&m 3ta\mcxo w 
tisiBL-c^fc. mmm4(D^>dty h^mms tm 

ffiteMT (XyJ Xl)\\X + WmtoJL) mot, 2 4ft 
W2-fyff, I^SOiiiiKOGaN^x/N^jlt 
£»{*] 3^CJ:9(:t77-f rlSlW 3 mmJI^W 

[0 19 0] GaNSfi^ifSf:^ H»« 3 , 2 
t7 7 ^7SIiwty^ (p) . 

HiSW 3 

K 1. 5X10 4 cm" 2 P 

L 6X10 3 cm -2 Q 

M 4X10 3 cm~ 2 R 

[0194] z^mzm^ztzwz^ mt&mss mm 

W40>f>iy h<Dlf:7T^T£«£jftVHM<£>3mm8 

rt\ rt*©ffl«»C*5^-C, try h»«3ftS**<*fkLT 

[0 19 5] ^Wij6Jfc«4*^^"ClW«lortft*f|:«: 
ftfflfflwf* h^«ft{cJ:57Tlry hricftSM***' 

X % m $\ 4 <D (E ffi £ * L < «'> £ * t> <7> -C fe 5 o 
[0 19 6] [Hfe#ij5 (GaAsie a B 9 H>n 7 
h) ] l«HtGaAs*S«:ttfflt5. GaAsI 
ffiji. (111) SISWGaiMU H ^ 

tt«2£|i]«l£, IfiSCS i0 2 K^7X-7CV 
DiaotO. i^mfi:/^J:^ML, ^o'tg?* 

[0197] m*te%m&'*imvfoz>i}K 

C^T'l^h7^7 p ^eMLf:o xby^ym 

li, 3/^mil, 6 ix mfc'yft'^ h 7 faltG a 

AsSffi^< i i - 2 >^r5]<b Lfco :^J:^^ 
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(D^-y-f/V (Q) % ^®{RlJ{Cia^-t>7 P /l^ (R) <D3 
ftO^XA^^oT^Iig, E PD$j££fTo/i 0 
Oi^>7 P /UP EPD: 1 X 1 0 4 c m~ 2 

OlfVTVUQ EPD:8X10 3 cm~ 2 
Oif^^/UR EPD:6X10 3 cm -2 

[0 19 1] **«2, 3 t mC£? K/fcftffifil]^fT< 
(i^lCE PD^T^5t^5«|pJdSfcSo E PDMtUSs 

igAft 2 /i mg£<0/h$^t>tf>rt»fe»+ji m 
*lg<0 t <£> S T* $ $. g $. <DiJ->f X<7) fc & o fc 0 

[0 19 2] i»j3<bHM4(Ox^f f 7 h£PftB 
t-Jt»SI»tL^ 0 #y— K/US (CL) Ofe 

JH^fe, ft^tv^s^fcTy bit, StRlcSfifclMfc 

try httii#ojta«tt«!iJ:«t>wt**.6*L*. PL 

[0193] 

mmm 4 

5 X 1 0 3 c m~ 2 
4 X 1 0 3 c m _ 2 
2X10 3 cm -2 

5i:^it6HvpEM, nmm2 tm zmw.*fcm u 

[0 19 8] (/<y77l^«) ^0iJ2 cbl^CL 

2atm (20kPa) , HC1 ^M^2X 1 0 
~ 3 a t m (2kPa) tL, ritftB*HMft 3 0#T\ G 
a N^lb^5^y77i^8 0 nm&J&g:£lttl 0 -e 
*?mm (lOOnm) ^/<y7 7@J: , 5fV^ 
fe, ^©8k«f"ett^^^B!P» (K) WGaAsffi 
iCGaN^777i«St5„ ^X^OiiiaSG a 

[0199] (xt G i(oM) *<z>& i o o ots-en- 

SIT, COSIT'G a Nxt^^ryt^i^f 
/i 0 [elUHVP EKBrtT*fc*a**<*a s *9o NH 3 5) 
J±0. 4atm (40kPa) , GaCl #JE 3 X 1 0 
" 2 a t m (3 k P a) t Ltz e Aft MfR ttft 4 MfIH 
*>ofc 0 WGaAsiSH^tx^vm* 
Lfc 0 ^felwdl 9(:/TLfcyDt^«ot»I 
C^GaNg^WlLt SffiSrWBttlXi-S 
:^|:j:ot, J?£^0. 4mm(Z>G a NSgfi&Sfco 
K08fi©xyff 7 h£g£$]£L/i£ EPD 



2 X 1 0 4 c 



. - 2 



[0 2 0 0] (G a NSg B a B ^fe0^t°jS^) &(;IC(7) 
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hft«*rK*fc. PlCHVPESSffl^. 
W=tt, N H 3 #EE 0. 4 a t m (40kPa) , HC1 
M3XlO" 2 atm (3kPa) 1 0 0B# 

P B lOjSft«fPflT*jRl 2 . 6cmOil^GaN>fy^h 
*:»fco 4 <S«tt4tt«Tfco 

5%li7rty h»-e*ofc. (1 1-2 2} ffi«tO* 
[0201] :©>fy^h«r^7^tH:J;9^7>f 

iot, 2>C^1S* |$ 3 5 0 ;imWSiW4G 
a NSK4*2 5ft#e>iifc. GaAslfiiffcofcl 
mmlflJ^cOSC^i:, ^lSi0 3mmf ^g<0Mii 
$J"9Jt-Cfc 0 lR*i^iX*T*^/,c^r**t>S<. G a A 

[0 2 0 2] CtlbGOG a Ngffi (*3l/n) (dO^Tl? 
flfiSrffoyto SMI WOtzLtzG aN$*.^<Do 

G a A sg^MO^^If^/USrS, jyztyb 

[0 2 0 3] 

O -tJ-VTVuS E P D : 7 X 1 0 3 c m~ 2 

O iJ-yTVUT EPD:5Xl0 3 cm~ 2 
O f-y^/UU EPD:3X10 3 cm~ 2 
[0 2 0 4 ] J^±<£>J; w^*r*-C*t>(ftV^EPD 

fc 0 KMC 1/^31 yf-tfy Mi, ^tct)^^: 

[0 2 0 5] ^/N«ltrtIL^^^LT, 3 
lyf^y MOt^-CfeO. H7 7t-> h^b 

±IRlcCfltii'>ftA>-3fc. tt^PjftnfclBBr-e 

li. aii«^aaaoa»rt-ciieffi3i5^^a^n4A» 

0*1. 
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[0 2 0 6] 

[«Wtf>»*] *»W«iM**GaNO«*ritftftat^ 
GaN*^B S B Sffi^K^tCj;*), tt*»bJx4*»ofc 
1 0 6 cm- 2 ^T«l^Ga N <b*l* 

W [Hi] (Mt57 7ty hBBo4i-ft«*s l 8 0g£l 
[12] »«t577ty hiE«0tt1-ft**si 8 0j£J£A 
[13] iit^77t7 hffiCO^i-ftJS^S 1 8 O^J^ 

T^»§77ty ^®^^•^j'^^^c^v^T^a B ^ {i^ife-r 

*0 [14] B»t677ty h®<D&f3g^ 1 8 0gJ£A 
i^7 7 ty hffii«:^tf»*«^j3^T»ftlirt« 

[15] B»tS77*y hB©4i-*«*s 1 8 0&£L 

ffili»JM6fcia^< - £ fc^1-¥ffilB. 
[H6] »»t677ty M^/^g^i 8 0SW 

[17] G a N^tS^cSt^^oV^Ti^ t° 

[18] /S^t°y M::*Jlt5$ft#lfi]B. •cttWitfi 1 * 

[19] G a NSWEfSSK^TigAftae"-;/ M^ffi 

[il 0] rtfttTy MDiSAft««C*5lfS«fi*|6jB % 

[Hill] ^^^^-^iC^t>l5^-^<7)t 0 .y hffijg 
(ctt/Sft) SUst'fc^ &W77ty h/Sft&w 

50 tt*SftB£jl (ctt/Sft) ^st'feO, &*W77t 
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[Hi 3] 7 r-fe y htit&nt&m [02 11 *J6WO|&0||J6WlC^-5G a NOfiRSiB 

**»Sr«*l^(wSft**T*5«fjaic^tt:|C7r-fe5' aSr^ilSrffilSo 02 1 (a) ttS«JcjR«#^^^Sr 

h^(omm^htz^^x^^Ltcm^(D^B(Dmw\m Mif:»^a m 2 1 (b) \*&MunzmL 

d577ts'hfilcft»wffc5„ H 0 112 1 (c) lj:SS»iLGaN^>fy^7h 

[H 1 4 ] G a N(D7f7/^- /<— ^n — *(C:fo^ £93#rLT 1 0©7X* y h ^xa^ L£^^<0|S]®£ 

[[Hi 5] GaNW777^t-/^^p-^[;fc^ (d) te-ttlSrSJgfi t LT $ P> (CfiV^G a y =f y 

-t\ ^ ^ri pgico^G a n^^h^ ^ti:^ w Y*?T*v\>r&&*ttK%<mmm* hi 9 (e) 

[116] G a NW^xy^-^-^o-^CfeV* Bffi*5Fffl*0IL^ 7-(^i^i: LfckOtf>»rffilIlo 







1 




[Hi 7] G a N(D777^t- /<— ^P-^iC*3V> 




2 








3 


mnl® (ft) 






4 


EftiftW^SLfcG a N*Si 






5 


7 r ir y h ffi 






6 




i£*i£^-fl$r®Ho Hi 8 (a) liStRlc 




7 




3£& cfe 1 44s- *t ^t-n Use ^CT Hvl Rvl i O / i \ i-+ rfc po r-, Vrj; t*-. % X 




8 




LXS^ICG a N^B B B ^V T -ir y F«L/:»H 




9 




Ho Hi 8 (c) liS B B B^Sffi^^^J^XL$6(C^ 




1 0 


G a Nf&g]$3BB 


}jniLT¥rt¥tItC LTffio^G a N Ltz 




1 1 








1 2 




[119] *%m<nt&<DnW,ffl\Cfrfr2> G a N<D/&J|i§ 




2 1 




a«r*1-»BH. Hi 9 (a) tigffilc&tt£-r**£ 




2 2 




»*LfcttJBo»iBH. Hi 9 (b) liSBBPSPfcSL 




2 3 


r^pgp (» 






2 4 


^t°^SG a N*NI 


Ho Hi 9 (c) l«»ilGaN^^f)f:L 
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2 5 








2 6 


lffiW#Ga N^/n 


(CLl®kOT'JJmXLT£ft<DG aN^t Lfc*><0 




2 7 


^t e $4lG a NgS 






2 8 


G a N 


[H2 0] **W^«KOHlSMfC^SG a NO^fig 




2 9 


Jlttlt^fc'fiSc^G a N^ B B B 


BSr»1-*nfilH. H2 0 (a) £ 




3 0 


-33 ^V'f * Lfc£^/^ 


»dtLfctttioKrifiH. H2 0 (b) KSMntffifrfiL 




3 4 


xt^lGa NttA 


TX&HJ¥^<7)£>6G a Ng B 5 0 ^77t7 F*fLfc« 




3 5 


G a NigS 


M<DWimm o H2 0 (c) liIK^±Lft>GaN8 




3 6 


xt^fGa N&fii 






3 7 


-40 L/cG a N 


T^/^ffiS£fflMXLT^ifi¥^& S 7 — *?^^ 


40 
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M2 0 0 1 - 1 0 2 3 0 7 



imihB] spfiSl 2*98 4 0 (2 0 0 0. 9. 4) 
[#**IjE1] 

[t«E*r*«e*] 0037 

[0037] ^m^yr^y hm^mmmm^h 

£«4><*i£Sfc<7>-efca 0 »*7r"fey MBtt*»«r» 

mmLxfctiL%n'p$'£z>k. »j:ni»Mo 

bi:|<^k^:i0 4 cm"" 2 -5Xl 0 3 cm 

[«r*jE2] 
[ffiE^*irS*] was 

[*|]E*tft«B«] 0 0 5 2 

[0 0 5 2 ] L3i>L77ty h®T*<7)^*fS]A, Bf* 
77tyFiFa, F b (C^fcfe*6&l£ffilc«# Lfc 

bftlcteft«'> t v * 9 J: ^ ft c <!: r h ta v \ M 3 ti 

[^MjE3] 
[tt]E#feft£«] WW» 
HfE»*«B*] 0 0 5 3 

[0 0 5 3] (2) 77t7h®^^l8O0UW 

l 8 0«J:i9*:#v^»#o4r)»»j»*5|!fllc4ori^ 

7t7hlFa, Fbt$)6 0 ¥^)W4^^rS]lic^ 
#fiT'fc5 0 77ty hffi-e<oj£ft#|6jA, Bli^ri? 



Lv^wixbttrtftHctt*-*-*. 77ty hDS^Datcffi 
[*MBE4] 

imJEttMB*} 0 0 5 5 
[ffliE^^l KX 

[0 0 5 5] Rfc, lM^7 , ^SS<^77ty 

h^ttSSt^Ga N/£g£ It^^^il -3 (0 J: ?ft 

L «fc 5 £1" So H 7 11 {1-212} 
$A£§|EGH I J N-DldfieS-TSo 0812 t°;y h(D 

£>5 0 hrtT*tiJ*ft#|6]A, B-li-t^ffitCiUft/j: 

<Oj$«#fil;Utt;frfiT*fcSo 77ty hffi^I^f^l 
A, B- •(C^oTfe{5:^{i^U ? TtT<o F a T'(7)fe{5:(0 
ilfr^faa liAt ¥fT"Cfc5o F bT'(7)^fi:(OiitT^fSl 
bl*B<t¥fre*>5 0 6 0^11 (77tyhi) 

[«IE*MfeJie*] 0 0 5 9 
Hi3E*fe] *X 
[ffilErt^] 

[0 0 5 9] fifcftli±*l&JJCg^5A^, 
[*8M*jE6] 

[^IE^^«@^] 0 18 2 

«X 

[0182] H16W2 J: "9«t^s, 



EE ( 0 . 35atm(35kPa)),HC!M(4 
X l 0 ~ 2 a tm (4kPa) ) ^ tt-iS5< rflS ( 1 0 
3 or) fc*fcS5^i:^5 :^ J llt'fc5, ^ftM<t 

[*MIIE7] 

[ttjE#ftffa«] want 

Ul|jE»t*«B«] 0 19 9 
[MlErt8] 

[0 19 9] (it'I^M) 0 0 OtfT't 



(72)8W# ft* jttt 
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mzHvpEmuftx-hz>&&t¥&Moo nh 3 # 

J£ 0 . 4atm(40kPa),HCl 3X10 
" 2 atm(3kPa)t Lfc. fiJcftH*ftll*«>4 H*Pfl-C 
fcofco ^WtG a A s gg^IitT'x V /i* 

U:«fc9GaNi|gfi£WgftlXLfc, SffiSrffiSflDX-f * 
:^:J:ot, J¥£#J0. 4mmWGaN8 B B B ^lt 0 
:ofe B B^x 7 ft° 7 hlfeffSriHSL^tC^, EPD 
112 X 1 0 4 c m~ 2 T'fcofc 0 *»fcfiV^y^try 



F^ — 5F041 AA40 CA23 CA35 CA40 CA46 

CA65 CA77 
5F045 AA03 AA04 AB14 AC03 AC12 
AD14 AD15 AE25 AF07 AF09 
AF13 BB12 DA67 DB01 GH08 
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